Purification and properties of fructose-1,6-bisphosphatase of Bacillus subtilis.
Fructose-1,6-bisphosphatase (D-fructose-1,6-bisphosphate 1-phosphohydrase, EC 3.1.3.11) of Bacillus subtilis is a constitutive enzyme that was purified 1000-fold (30% yield) to 80% purity as judged by sodium dodecyl sulfate-polyacrylamide gel electrophoresis where it exhibits a band corresponding to 72,000 daltons. It sediments at 15 S in sucrose density gradients indicating a molecular weight of 380,000, but apparently is very asymmetric. Its activity is irreversibly inactivated in the absence of Mn2+. The enzyme specifically catalyzes dephosphorylation of D-fructose 1,6-bisphosphate with a pH optimum of 8.0. It has 40 to 60% of full activity in the absence of P-enolpyruvate; 20 microM P-enolpyruvate activates it maximally. High concentrations of monovalent cations also activate, NH4+ being most effective. Inhibitors fall into two groups. 1) Nucleoside monophosphates, phosphorylated coenzymes, and polynucleotides inhibit competitively with P-enolpyruvate (AMP (Ki = 2 microM) and dAMP are most effective). 2) The inhibition by nucleoside di- and triphosphates, PPi, and highly phosphorylated nucleotides (guanosine 5'-triphosphate 3'-diphosphate (pppGpp) and adenosine 5'-triphosphate 3'-diphosphate are most effective) is not competed by P-enolpyruvate but is partially overcome by fructose 1,6-bisphosphate (2 microM). Therefore, highly phosphorylated nucleotides (pppGpp and others), produced in over 0.2 mM concentrations upon step down from fast to slow growth rates (Gallant, J., and Lazzarini, R.A. (1976) in Protein Synthesis (McConkey, E.H., ed) Vol. 2, pp. 309-349, Marcel Dekker, Inc., New York), can reduce the conversion rate of fructose 1,6-bisphosphate to fructose 6-phosphate during gluconeogenesis. Comparing glycolytic growth on D-glucose and gluconeogenic growth on L-malate, the intracellular concentrations of fructose 1,6-bisphosphate differ but are both above the Km (13 microM) of the enzyme, those of AMP are similar, whereas those of P-enolpyruvate (0.18 mM versus 1.3 mM) indicate that the enzyme has only 40% of its full activity during glycolysis; nucleotides other than AMP may inhibit additionally. Thus, the futile cycle of fructose 1,6-bisphosphate synthesis and degradation during glycolysis is partially avoided, but the cells are poised for rapid adaptation upon change to gluconeogenic growth conditions.